A full understanding of colony organization and life histories in social insects can only be achieved by investigating the genetic structure of colonies and populations (Pamilo et al . 1997) . Although most genetic studies on ants have been performed on species with complex colony organization (but see Tay et al . 1997) , the study of morphologically primitive ants, characterized by limited caste dimorphism and small colony size, could provide new insights into the evolution of sociality (Peeters 1997) . In some morphologically primitive species of Ponerine ants, the queen caste has been lost and one worker mates (the gamergate) and produces diploid offspring (Peeters 1991) . In these queenless species the foundation of new colonies occurs only by fission. Even in such a relatively simple social organization, polymorphic genetic markers will be required to estimate the rate of gamergate turnover and colony fission, the extent of population viscosity and their effects on the evolution of sociality.
In this note, we characterize eight polymorphic microsatellite markers from the queenless species Diacamma cyaneiventre . Microsatellite markers have been characterized in a number of groups of ants (e.g. Chapuisat 1996; Herbers & Mouser 1998), but none are available for ponerine ants. We also report results of cross-amplification on 11 Ponerine species (seven Diacamma species and four belonging to other genera of Ponerinae).
Genomic DNA from nine Diacamma cyaneiventre larvae was extracted by a high-salt procedure using NaCl and digested with the BSP 143I restriction enzyme. Fragments between 300 and 600 bp were selected and ligated to a Bam HIdigested pBluescript II KS+ vector (Stratagene) and cloned in Escherichia coli SL-1 Blue cells (Stratagene). Synthetic oligonucleotides (TC) 10 and (TG) 10 , labelled with the DIG system (Boehringer Mannheim) were used to screen about 1200 recombinant colonies. Out of 146 positive clones, 78 were purified with Qiaprep (Qiagen) and 24 were sequenced either manually using the T7-sequencing kit (Pharmacia) or an ALF express automatic sequencer (Pharmacia).
Primers flanking microsatellite repeats were designed for 10 loci using Primer 3 software (Rozen & Skaletsky 1996) . Genomic DNA was prepared following either a classic phenol/ chloroform or high-salt extraction and diluted to 1/5 before amplification. PCR reaction mixtures (10 µ L final volume) contained 50 ng of template DNA, 75 µ m dCTP, GTP and dTTP, 7.5 µ m dATP, 0.025 µ Ci 33 P-dATP (Amersham), 4 pmoles each primer, 1 × Taq buffer (containing 1.5 m m MgCl 2 ) and 0.25 U Taq DNA polymerase (Qiagen). For the D18 locus, the amount of dNTP, 33 P-dATP and Taq DNA polymerase was doubled to allow a better amplification of the longest allele in heterozygote individuals. Amplifications were performed in a PTC-100 (MJ Research) thermal cycler using the following parameters: 3 min at 94 ° C followed by 30 cycles with 30 s at 94 ° C, 30 s at the annealing temperature (see Table 1 ) and 1 min at 72 ° C, and a final elongation step of 10 min at 72 ° C. Amplification products were run on 6% polyacrylamide sequencing gels using an M13 sequence as a size marker. All 10 microsatellite loci gave repeatable and scorable patterns. An estimate of the variability of these loci was determined using a sample of 45 unrelated workers. Eight loci were polymorphic (Table 1) . The expected heterozygosity ranged from 0.39 to 0.95, the highest diversity being observed for an uninterrupted microsatellite showing the largest number of repeats (29) . No significant deviations from HardyWeinberg proportions were detected using a subsample of 33 individuals collected in a locality near Kotigehara (Table 1) .
Results of the cross-amplification are shown in Table 2 . PCR conditions were as described above except that the annealing temperature was 52 ° C for all primers. Where only one individual was extracted, DNA quality was confirmed using mitochondrial DNA primers known to amplify on these species (data not shown). Within the genus Diacamma , cross-species amplification was successful with an average of six pairs of primers amplifying per species. For D. ceylonense and D. sp. (nilgiri) from India, nine individuals were screened to check for polymorphism. Four microsatellites were polymorphic in D. ceylonense and three in D. sp. (nilgiri) . When used on different genera, the efficiency of amplification was low even though these genera belong to the same tribe as Diacamma . Our results may therefore indicate a recent common ancestor for the Diacamma species studied. In conclusion, given their level of polymorphism, the primers presented here should prove to be very useful for investigating population and colony genetic structure of different Diacamma species. Table 1 Characteristics of microsatellite loci from Diacamma cyaneiventre. The number of alleles observed (Na), observed heterozygosity (H O ) and expected heterozygosity (H E ) were calculated from a sample of 45 unrelated workers (one worker per colony) collected from two localities near Kotigehara and one near Kemmangundi (Karnataka state, India). The F IS and the propability P of deviation from Hardy-Weinberg expectation were calculated on 33 workers originating from a single locality near Kotigehara using genepop (Raymond & Rousset 1995) The greater horseshoe bat Rhinolophus ferrumequinum is distributed throughout the southern Palaearctic region from Britain to Japan (Schober 1998). Within Europe it is considered endangered over most of its range, having undergone a well-documented decline during the 1900s (Stebbings 1988) . Since the 1950s, this species has been studied extensively, and is consequently one of the most well understood of all chiropterans (for reviews see Ransome 1990 Ransome , 1991 Duvergé & Jones 1994) . In recent years, the application of molecular techniques to ecological studies has provided new insights into population and social structure of mammals (Sugg et al. 1996; Hughes 1998) . Therefore, to compliment ongoing field investigations of R. ferrumequinum, microsatellite studies were undertaken to investigate population structure and parentage. Here we report on the development and characterization of the primers.
A microsatellite library was constructed using a nonenriched method based on . R. ferrumequinum DNA was restricted with HaeIII, AluI and RsaI, and ligated into pUC18. Transformation was carried out by electroporation, and transformants were screened with CA and GA dinucleotide repeats. Two rounds of screening were performed, and 34 positive clones were identified and sequenced. PCR primer pairs were designed for 12 microsatellite loci.
Wing biopsies were obtained under licence and genomic DNA extracted following the method described by Worthington Wilmer & Barratt (1996) . Prior to amplification, one primer of the pair was end-labelled with [γ 32 P]-ATP, by incubating with T4 polynucleotide kinase at 37 °C for 1 h. Separate 10-µL PCR reactions, carried out for each individual, contained 10 -50 ng of DNA, 1.5 pmol each primer, 1 µL of DMSO, 0.15 mm dNTPs, 1 µL of 10× Taq buffer (IGI), 0.5 -1 U of Taq polymerase (IGI) and 1.5-2.5 mm MgCl 2 . Reactions were carried out in a Hybaid Omnigene thermal cycler with the following amplification conditions: 3 min at 94 °C; 30 cycles of 1 min at 94 °C, 2 min at primer-specific annealing temperature, 2 min at 72 °C; 10 min at 94 °C. PCR products were separated on a 6% polyacrylamide gel and alleles were sized using a M13 bacteriophage sequencing ladder.
The primers were tested with DNA from bats originating from seven localities in Britain and two in continental Europe. Of the 12 sets of primers, four amplified monomorphic loci. The primer pair Rferr04 amplified two independent polymorphic loci of overlapping allelic size range, which could not be separated by altering PCR conditions. In an attempt to redesign the primers for the two loci, several PCR products were cloned and sequenced. However, no sequence differences were found. This suggests that a gene duplication event has occurred in the past, and that while the numbers of repeat units may have evolved independently in the two copies of the gene, the flanking regions have been conserved. All other polymorphic loci (5 -18 alleles) showed clear banding patterns, and observed heterozygosity (calculated across samples) ranged from 0.35 to 0.75 (Table 1 ). When tested with over 100 mother-young pairs, no mismatches were found, indicating that null alleles do not occur at high frequency.
To date, cross-species amplification has not been investigated with these primers. However, phylogenetic analyses of the genus Rhinolophus have reported levels of sequence divergence typical of those identified within other mammalian genera. In a comparison of cytochrome b sequences from R. ferrumequinum and three other species, Thomas (1997) found that sequence divergence ranged from 7% to 21%. Similarly, Cooper et al. (1998) reported close genetic similarities between two species of Australian rhinolophid, based on both allozyme analysis and mtDNA control region sequences (< 7.5% divergence). Therefore, as many previous studies of cross-species amplification in mammalian taxa, including Chiroptera (Burland et al. 1998) , have reported success both within and among genera, it is highly probable that these primers will amplify in other members of this widespread genus (69 species throughout Europe, Africa, Asia and Australasia), and possibly other genera of the closely related family Hipposideridae. Isolation and characterization of microsatellite loci in the walleye (Stizostedion vitreum), and cross-species amplification within the family Percidae (Billington et al. 1992; Stepien & Faber 1998) and perch (Refseth et al. 1998) . Although of interest for large-scale population structure and phylogeography, these markers may have limited usefulness for fine-scale studies, and parental analyses. Microsatellite loci have proven to be powerful markers and may be more useful in such situations (O'Reilly & Wright 1995; De García Leon et al. 1998) . Six microsatellite markers were recently developed for the walleye (Borrer et al. 1999) . Nevertheless, there is still a need for additional polymorphic markers for this species and the usefulness of walleye microsatellite in cross-amplification has not been investigated.
T H I E R R Y WI R T H , R O B E R T S A I N T -L A U RE N T and L O U I S B E R N A T C H E Z
We developed walleye microsatellite markers for the purpose of selective breeding programmes and fine-scale population structure. Here, we present 11 new loci and examine cross-species amplification of these loci in sauger (S. canadense), zander (S. lucioperca), yellow perch (P. flavescens) and European perch (P. fluviatilis).
Genomic DNA was extracted from a walleye liver using standard proteinase K phenol-chloroform techniques (Sambrook et al. 1989 ) and pooled in a partial Sau3A1 digest. Fragments ranging from 400 to 900 bp were purified from a 1.7% agarose gel using DEAE paper (Sambrook et al. 1989; Rassmann et al. 1991) . These fragments were then ligated into the BamHI site of phosphatase-treated pUC18 ('Ready to go' kit, Pharmacia). Competent DH5α Escherichia coli cells (Gibco BRL) were transformed with the ligation products and grown on agar plates. Colonies were blotted on Hybond N+ nylon membranes (Amersham) which were hybridized with synthetic (TC) 10 (TG) 10 (CAC) 5 CA, CT(CCT) 5 , CT(ATCT) 6 and (TGTA) 6 TG probes labelled with the DIG oligonucleotide kit (Boehringer Mannheim). The DIG nucleic acid detection kit (Boehringer Mannheim) was used for detection. Among the 2000 clones of the partial library screened, 138 (7%) were identified as positive. DNA from 21 positives was extracted using the QIAprep plasmid DNA prep kit (Qiagen) and sequenced after cycle sequencing using AmpliTaq (DNA) polymerase FS (PerkinElmer) using an ABI 377 automated sequencer. All these clones contained microsatellites and 11 primer sets amplified polymorphic and scorable products in Stizostedion vitreum. Characteristics of these primers pairs are described in Table 1 .
To examine microsatellite variability, genomic DNA was extracted from fin tissues using a standard phenol-chloroform procedure. PCR was performed in a 12.5-µL volume with 10 -50 ng of DNA, 300 pmol each primer, 75 µm each nucleotide, 1.2 mm MgCl 2 , 1× Taq buffer (10 mm Tris-HCl pH 9, 50 mm KCl) and 0.25 units of Taq polymerase (Perkin-Elmer). PCR reactions were carried out in a Perkin-Elmer 480 DNA thermal cycler as follows: an initial denaturation of 3 min at 96 °C, followed by 30 cycles at 96 °C for 30 s, 30 s at the locusspecific annealing temperature (see Table 1 ) and 1 min at 72°, 5 min of final elongation at 72 °C. PCR products were separated by electrophoresis in 6% denaturing polyacrylamide gels and bands were visualized using autoradiography.
Variation at each locus was assessed in two samples of S. vitreum belonging, respectively, to the Tapani lake from St Anne du Lac, Québec, Canada and from the St Lawrence river, St Romuald, Québec, Canada (Table 1 ). The river sample shows the largest number of alleles per locus (7-11) and high observed heterozygosity (mean value 0.72, range 0.46-1, 95% confidence interval: 0.61 ≤ H O ≤ 0.84) whereas the Tapani lake sample shows less genetic variability with 3 -9 alleles per locus and lower heterozygosity (mean value 0.50, range 0.13 -0.71, 95% confidence interval: 0.40 ≤ H O ≤ 0.62).
The results of cross-species amplification are shown in Table 2 . As expected, more successful amplification was obtained in the two additional Stizostedion species relative to Perca, with, respectively, 10 amplified loci for S. canadense and eight amplified loci for S. lucioperca. These results confirm the complementary usefulness of S. vitreum primers for the genetic characterization of closely related species of ecological and economical interest.
. Table 2 Number of alleles and observed heterozygosity values from cross-species amplification within the family Percidae using Stizostedion vitreum microsatellite primers. Amplification was attempted on N individuals. Numbers in parentheses are the number of individuals that amplified for each species/locus combination
Stizostedion canadense 9 -7 (9) 8 (9) 2 (9) 4 (9) 2 (9) 2 (9) 6 (9) 7 (9) 6 (9) 4 (9) H = 0.78 H = 0.78 H = 0.11 H = 0.44 H = 0.11 H = 0.33 H = 0.78 H = 0.78 H = 0.56 H = 0.56 Isolation and characterization of microsatellite loci in the emu, Dromaius novaehollandiae, and cross-species amplification within Ratitae
G RO T H , * J . D . WE T H E R A L L * and G . B . M A R T I N †
The emu (Dromaius novaehollandiae) is endemic to Australia and found extensively across a variety of habitats. These birds are highly mobile and believed to consist of homogeneous, largely nomadic populations, which exhibit little social structure. Emus have become commercially important as a result of farming, both in Australia and overseas. Genetic studies have not as yet been undertaken and may offer a useful approach for determining social structure and gene flow, as well as assisting in the design of breeding programs aimed at maintaining genetic diversity. Markers would be useful in identifying individuals and determining parentage. Cross-species amplification of emu markers means that they can also be used for studying the relationships between the emu and other ratite birds. Here, we describe the first development of microsatellite loci from the emu, and investigate their suitability for use in other ratite birds. DNA was isolated from emu blood by the standard phenol-chloroform methods (Sambrook et al. 1982) , digested with Sau3A1, run on a 1.5% low-melting-point agarose gel, and the 350-500 bp region excised and purified. These fragments were ligated into the pZERO TM -plasmid cut with BamHI (Invitrogen, CA, USA) and transformed into competent cells (Top10F, Invitrogen). Transformed colonies were subsequently transferred to Hybond N+ membranes and screened with radiolabelled (dA-dC) n -(dG -dT) n probe. Positive clones were identified by exposure to X-ray film and selected from the original filters to establish the initial microsatellite library. This library was subjected to a second round of hybridization with the (dA-dC) n -(dG -dT) n probe to confirm positive colonies. Sixty-seven positive colonies were identified from approximately 4800 colonies. Ligated emu DNA was isolated from the positive plasmid clones and screened for microsatellites by cycling sequencing with infra-red dye labelled primers on a Li-Cor gene sequencer. Thirty-nine sequenced clones resulted in 24 different microsatellites. Seven primer pairs were designed on the basis of sequence flanking the dinucleotide microsatellites that contained > 8 uninterrupted repeats. Six of these loci were used in this study.
Amplifications were performed in 10-µL reaction volumes using 50 ng of genomic DNA, 4 pmoles of forward primer endlabelled with an infra-red dye (Li-Cor Inc., USA), 1 pmole of unlabelled forward primer and 5 pmoles of unlabelled reverse primer, 200 µm of dNTPs (Perkin-Elmer, USA), 0.1 U of Amplitaq Gold (Perkin-Elmer, USA), 0.1 m Tris-HCl, pH 8.3, 0.5 m KCl, and 1.5 mm MgCl 2 . The thermal cycling (FTS-4000 thermal sequencer; MJ Research, USA) comprised 10 min at 95 °C, followed by five cycles of 30 s at 94 °C, 30 s at the selected higher annealing temperature, and 45 s at 72 °C, followed by 28 cycles at 94 °C, 30 s at the selected lower annealing temperature, and 72 °C for 45 s (see Table 1 ). A final extension was carried out at 72 °C for 2 min. Amplified fragments (2 µL) were resolved on a 6% denaturing polyacrylamide gel for 2 h using a Li-Cor DNA analyser. Fragment sizes were determined by reference to a standard base pair ladder. Emu microsatellites showed Mendelian codominance in established family groups. The extent of the polymorphism of these markers was tested in emus and also other ratite species (see Table 2 ) and heterozygosities for emus were determined and reported in Table 1 .
This report identifies a panel of highly polymorphic microsatellite loci in emus which will permit study of parentage and population heterogeneity in emus. Further, it is shown that emu primers can amplify all extant birds of the ratite group, with up to four alleles being demonstrated in the ostrich (Table 2 ). This is consistent with the report by Kimwele et al. (1998) , who found that five out of six ostrich primers amplified up to four alleles in the emu. Given that the emu is estimated to have diverged from the ostrich and rhea at approximately 80 Ma corresponding to a T 50 M value of 17 (Sibley & Ahlquist 1990), the emu primers performed better than expected, based on calculations from the relationship of of decreasing microsatellite performance with evolutionary distance.
These microsatellites have been designated emu5, emu18, emu49, emu50 and emu63 and submitted to GenBank database (Accession numbers AF147058, AF147059, AF147060, AF147061, AF147062, AF147063).
The Siluriformes order consists of species with high worldwide economical importance, with the most important belonging to the Clariidae and Ictaluridae families. In Europe, during the past few years there has been increased interest in the aquaculture of Silurus glanis. Allozyme and mitochondrial DNA studies revealed little variation in this species (Triantafyllidis et al. 1999a (Triantafyllidis et al. , 1999b and stressed the need for the development of microsatellite markers to accurately assess and monitor genetic variation in natural and fish-farmed populations.
We report here the isolation and characterization of microsatellite loci in Silurus glanis. We also investigate whether S. glanis primers amplify microsatellite loci in S. aristotelis, endemic to Greece, and S. triostegus, found in the Tigre and Euphrates rivers.
Cloning and characterization of S. glanis microsatellite sequences was performed following . Genomic DNA was purified from the blood of a S. glanis individual (Clouzioux fish farm, France) and digested to completion with SauIIIA. A partial genomic library was established in a pUC 18 dephosphorylated vector (Pharmacia). The ligated fragments ranged in size from 0.6 to 0.9 kb. Sublibraries constructed using Escherichia coli XL1 Blue competent cells (Stratagene) were screened using digoxigenin-labelled synthetic oligonucleotides. A total of 1200 clones containing Table 2 Number of alleles observed in ratites using six primer pairs designed for emu microsatellite loci
Microsatellite locus
Emu (14) Cassowary (6) Kiwi (6) Ostrich (5) Rhea (6)   emu5  8  1  1  --emu18  6  2  -3  2  emu33  12  3  1  2  3  emu49  10  2  2  1  1  emu50  12  2  1  4  -emu63 17 2 2 --
The number of individuals tested is shown in brackets.
-, no amplification.
catfish DNA inserts were screened. Seventeen clones harbouring a strong hybridization signal were sequenced and microsatellite motives, with repeat numbers ranging from 11 to more than 40, were found in all but one. Polymerase chain reaction (PCR) conditions were optimized for 10 loci (Table 1) using primers radiolabelled with γ 33 P. PCR products were electrophoresed in 6% acrylamide sequencing gels. PCR amplification and polymorphism assessment were performed on 20 S. glanis (River Kizilirmak, Sariyar dam, Turkey), 15 S. aristotelis (Lake Trichonida, Greece) and 15 S. triostegus (River Euphrate, Ataturk dam, Turkey) individuals. Ten polymorphic loci were amplified in S. glanis (Table 2) . Eight and nine out of 10 gave a PCR product in S. aristotelis and S. triostegus, respectively. A 50% success in crosspriming has been reported for mammal (Moore et al. 1992) and avian species that have diverged approximately 20 million years ago. The high proportion of S. glanis primers which successfully amplified and revealed polymorphism in the other two species suggests a divergence of less than 20 million years ago between the three species and/ or high levels of genomic conservation among these species.
Significant departures from Hardy-Weinberg equilibrium were tested using genepop (Raymond & Rousset 1995) . Heterozygote deficits were found at locus S7-159 in S. triostegus and S7-E in S. aristotelis. Several explanations can account for these deviations, the most probable being the occurrence of null alleles which is frequent in cross-priming experiments (Paetkau & Strobeck 1995) .
Allele numbers, unbiased expected (H E , Nei 1978) and observed (H O , direct-count) heterozygosity values for S. glanis were in the range of 2-7, 0.41-0.85 and 0.35 -1.00, respectively. The three species showed similar mean H E and H O values. However, the mean number of alleles per locus was more than double in S. aristotelis and S. triostegus. This is not a consequence of sample size as the difference is even bigger when the mean number of alleles per locus is corrected for sample size (not shown).
The amount of variability is much higher at microsatellite than at protein loci ( Table 2) . As expected, microsatellites will be powerful tools for studying population genetic structure. The success in cross-priming indicates that these loci have the potential to work in other Silurus species that belong to economically important genera in Asia (such as Wallago and Ompok). Similar cross-priming success has been achieved for different genera of the Clariidae and Ictaluridae families (Galbusera et al. 1996; Liu et al. 1999) . The bullhead, Cottus gobio, is widely distributed in European rivers and lakes and generally inhabits cold oxygen-rich water bodies. In contrast to many other native freshwater species, C. gobio populations are probably not influenced by stocking and dispersal abilities are low. Recent allozyme studies of C. gobio in southern Germany (Riffel & Schreiber 1995; Hänfling & Brandl 1998a, b) have shown very high levels of genetic differentiation among local populations. These known features of C. gobio make it a well-suited species to investigate the origins and the maintenance of the genetic population structure. Furthermore, the bullhead is an important indicator species for conservation management as it is highly sensitive to human impacts in the environment. Triantafyllidis et al. (1999a) . NP, no PCR product.
employing the Big-Dye-Ready-Reaction-Kit (Perkin-Elmer) and products were detected on an ABI 377Prism™ automated sequencer (Perkin-Elmer). Microsatellite-PCR was carried out in a 10-µL volume using a PTC100-machine (MJ Research).
For each reaction 20 ng of genomic DNA, 0.2 mm each dNTP, 10 pmol each primer, 1× AmpliTaq buffer (Perkin-Elmer) and 0.25 U of Taq polymerase (Perkin-Elmer) were employed. Fragment analysis was performed on the ABI 377Prism™ Table 2 .
Variability of the loci was tested in five populations of C. gobio from the rivers Rhine and Danube (Germany), Doubs (Switzerland), Po (Italy) and Derwent (UK). Five individuals from each population were analysed. Results of each population were pooled and are shown in Table 2 . Additionally, we tested the amplification of these primers in five other species of the genus Cottus: C. poecilopus (River Vah, Danube, Slovakia), C. hangiongensis, C. amblystomopsis, C. pollux (Japan) and C. bairdi (North Toe river, NC, USA) and in one species of the genus Triglopsis (syn. Myoxocephalus), Triglopsis quadricornis (Povjoviken, Finland) ( Table 2 ). The 12 loci characterized in this study should be applicable to analysis of the amongpopulation variation and the genetic history of C. gobio and also in other species within the Cottidae family.
